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Monocapillary x-ray optics are a candidate technology for producing micron and subbeermis

of x-rays for avariety of microanalytical applications. At thALS, these optics can besed to
perform diffraction and fluorescence analysis of materials veithbmicron spatial resolution.
Capillary optics ardormed by re-drawing a glagsbe, at high temperature, to produce a pre-
selected opticafigure. We have brought on-line an advancagillary puller that is capable of
drawing a wide range of figures in a reproducible fashion.dafe routinely achieve a desired
figure to within a slope error of 50 to 300 microradians, dependintheomuality of theglass
starting material.

The performance of these optics has been characterizedfdt$hen the basis oftheir efficiency,

spot size, and divergendearly experiments useitie output directifrom abending magnet on
Beamlines 10.3.1 and 10.3.Zhese optics typically had entrandemeters from 25 to 100
microns and exit diameters of lesshan 3 microns. Morerecent activities have explored the
feasibility of advanced opticaystemsthat rely on pre-focusing mirrors toconcentrate the
radiation onto the entrance of the capillary optic. We designed and tested a series thatgake

the output from the Kirpatrick-Baez (K-B) mirror pair on Beamline 10.3.2 and condense it further
to produce a submicron beam of x-rays. Figurghtiwsthe shape of a representatieapillary

optic. Typically, the tip of the optic is beveled to allow the sample to be placed very closexi the

of the capillary optic.
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Figure 1. Internal diameter of typical optics is matched to the convergence angle Kifrpaerick-Baez
focusing mirrors on 10.3.2. The tip of the capillary optic is beveled at 45 or 60 degrees so that the capillary tip
can be placed close to the sample and still allow the fluorescent or diffracted x-rays to reach a detector.



We tested these optics duribgo experimental series ih998 and demonstratdbat the output
from the K-B mirror pair is efficiently coupled into the capillary optic. Wieeasuredhe x-ray
beam diameter by scanning a wire throtiglhbeam at various distancé®m the capillary tip.
Figure 2 showgepresentative results obtained witie capillary opticshown in Figure 1, at a
distance of about 50m from the exit of the capillary. The measured diameter of M3FWHM

is about a factor of four lower than the w# diameter FWHM produced lilge K-B mirror pair.
Depending orthe capillarydesign and distandeom the exit of the capillary, we haveeasured
beam diameters from 0.2 to uéh FWHM. Atypical efficiencyfor these optics (defined by the
ratio of the ionchamber signal produced llge K-B mirror pair to the signaproduced by the
combination ofthe K-B mirror pair and the capillary optiglanges from 30 to 50%. For the
capillary shown in Figure 1 we measuredediiciency of40%. Thusgiven a 50um stand-off
distance, this capillary produced an increase in flux of 6X while reddiceigeam diameter by a
factor of 4. Thebeamdivergencevas measured to bebout 6mrad whichcurrently limits the
distance betweesample andhe capillary tip tdessthan about 5Qum, in order to preserve the
small spot.

Future effort will be devoted to further reducitiige spot-size and divergence tife x-ray beam
produced by these optics. Additionally we will be conducting a series of microdiffraction and
fluorescence experiments to demonstrate applicatlmatsare of interest to theemiconductor,
optoelectronic, and advanced materials industries.
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Figure 2. Beam profile measured by scanning a wire through the x-ray beam at a distance of pbofroB0
the capillary tip. This optic had an efficiency of 40% and a divergence of 6 mrad.
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